Objectives: To evaluate the effectiveness of an intervention to prevent excess weight gain, reduce time spent in screen behaviours, promote participation in and enjoyment of physical activity (PA), and improve fundamental movement skills among children. Participants: In 2002, 311 children (78% response; 49% boys), average age 10 years 8 months, were recruited from three government schools in low socioeconomic areas of Melbourne, Australia. Design: Group-randomized controlled trial. Children were randomized by class to one of the four conditions: a behavioural modification group (BM; n ¼ 66); a fundamental movement skills group (FMS; n ¼ 74); a combined BM/FMS group (BM/FMS; n ¼ 93); and a control (usual curriculum) group (n ¼ 62). Data were collected at baseline, post intervention, 6-and 12-month follow-up periods. Results: BMI data were available for 295 children at baseline and 268 at 12-month follow-up. After adjusting for food intake and PA, there was a significant intervention effect from baseline to post intervention on age-and sex-adjusted BMI in the BM/FMS group compared with controls (À1.88 kg m À2 , Po0.01), which was maintained at 6-and 12-month follow-up periods (À1.53 kg m À2 , Po0.05). Children in the BM/FMS group were less likely than controls to be overweight/obese between baseline and post intervention (adjusted odds ratio (AOR) ¼ 0.36, Po0.05); also maintained at 12-month follow-up (AOR ¼ 0.38, Po0.05). Compared with controls, FMS group children recorded higher levels and greater enjoyment of PA; and BM children recorded higher levels of PA and TV viewing across all four time points. Gender moderated the intervention effects for participation in and enjoyment of PA, and fundamental movement skills. Conclusion: This programme represents a promising approach to preventing excess weight gain and promoting participation in and enjoyment of PA. Examination of the mediators of this intervention and further tailoring of the programme to suit both genders is required.
Introduction
In the last two decades, there have been worldwide increases in the prevalence of paediatric overweight and obesity. 1 Australian data indicate that the prevalence of overweight and obesity almost doubled between 1985 and 1995. 2 This pattern appears to be global, with obesity increasing more dramatically in industrialized countries compared with countries that are less economically developed. 1 The specific causes of this rapid increase in the prevalence of overweight remains the subject of ongoing debate; 3 however, it is widely accepted that insufficient amounts of physical activity and excess food intake are important contributors to energy balance and ultimately weight status.
Time spent being sedentary, particularly in television (TV) viewing, is also recognized as an important contributor to overweight and obesity among children. 4 A number of studies have found that sedentary behaviours track more strongly than physical activity over short follow-up periods [5] [6] [7] and that TV viewing habits in childhood are associated with overweight, poor fitness, smoking and raised cholesterol in adulthood. 8 Recent evidence also suggests that sedentary behaviours increase through adolescence, 9 while physical activity levels have consistently been found to decline during childhood and throughout the lifespan. 10 Health authorities recommend that children spend no more than 2 h per day in electronic entertainment media or screen behaviours (TV viewing, computer use and playing electronic games). 11, 12 In Australia, however, children spend on average 2.5 h per day watching TV 13 and in the United
States, 25% of young people watch TV for more than 4 h per day. 14 These estimates do not include other screen behaviours such as computer use or playing electronic games. Therefore, developing and testing the effectiveness of strategies to reduce time spent in screen behaviours and to promote physical activity is important for children's current and future behaviour and health.
Interventions to reduce time children spend in sedentary behaviour, to reduce obesity and to prevent onset of overweight and obesity have recently been reviewed. 15 Some interventions designed to prevent unhealthy weight gain have reported positive impact. 16, 17 Robinson 17 conducted a school-based randomized controlled trial, which aimed to decrease the time children spent watching TV using curriculum-based materials delivered over 6 months to third and fourth grade students. Time spent watching TV and body mass index (BMI) declined significantly in the intervention group compared with the control group over the period of the intervention. Gortmaker et al. 16 also employed a curriculum-delivered intervention, over a 2-year period, which aimed to (among other outcomes) prevent the development of obesity, decrease time spent watching TV and increase physical activity participation among children in grades 6-8. After the 2-year intervention, time spent watching TV and the prevalence of obesity were reduced among girls in the intervention compared with control schools, with no effects for boys. The maintenance of intervention effects for both of these studies is not reported. Importantly, while the studies by Robinson 17 and
Gortmaker et al. 16 reported favourable outcomes for children's adiposity and TV viewing time, neither intervention had a significant effect on physical activity. It may be that in those interventions children did not have the necessary skills required to replace TV viewing with more active pastimes. A review of correlates of children's physical activity found that perceived physical competence to be active was positively associated with physical activity levels. 18 In addition, children with greater fundamental movement skill proficiency are more active 19 and are less likely to be overweight.
Improving children's fundamental movement skills (FMS)
has also been shown to increase physical activity enjoyment, 20 which is a known correlate of physical activity among children. 18 However, the effectiveness of improving FMS and reducing sedentary behaviours on preventing declines in children's physical activity and preventing excess weight gain has not been previously examined in a controlled trial. The primary aims of this study were to evaluate the effectiveness of an intervention designed to prevent excess weight gain (beyond gains associated with normal growth and maturation), reduce the likelihood of being overweight or obese, reduce time spent in recreational screen behaviours (TV, computer and electronic games) and promote physical activity participation among 10-year-old children. The secondary aims were to evaluate intervention effects on increasing enjoyment of physical activity and improving FMS. The effects of the intervention were examined between baseline and post intervention, and over the 2-year period of the study incorporating 6-and 12-month follow-up data. Methods and findings of this study are presented in accordance with the CONSORT guidelines for reporting of randomized controlled trials. 21 
Methods

Study design and sample size calculations
The methods of this group-randomized controlled trial have been reported elsewhere and the study has been found to have good intervention fidelity. 22 A convenience sample of three government primary schools located on four campuses in low socioeconomic status (SES) areas (based on socioeconomic index for areas scores) 23 in metropolitan Melbourne was recruited to the study. Children attending schools in low SES areas were selected because of previously shown inverse associations between SES and TV viewing 24 and between SES and adiposity among children.
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All grade 5 (approximately 10-11 years old) students (n ¼ 397) in the selected schools were eligible to participate and were invited to take part in the study (see Figure 1 ). School classes (n ¼ 17) were randomized to one of the three intervention groups or a control group by withdrawing a ticket from a container. 
Approvals
Ethics approval was obtained from the Deakin University Human Research Ethics Committee and the Victorian Department of Education and Training. School councils approved the inclusion of the programme into the school curriculum to be delivered to randomly assigned intervention classes. All assessment components of the study required active consent from the child and a parent (an ethics requirement in Australia).
Intervention
The intervention components were based on principles from social cognitive theory (for example, self-efficacy and behavioural capability) 27 and behavioural choice theory (for example, preference, reinforcement), 28 using techniques such as self-monitoring, behavioural contracting to 'switch off' the TV for increasing durations (from one show per week increasing to four shows per week maintained for the duration of the intervention), reinforcement and skill building. Full details of the intervention have been previously described. 22 There were two intervention components: a behavioural modification (BM) condition and an FMS condition. These intervention components were delivered in addition to the usual physical education and sports classes. The BM lessons were delivered in the classroom and incorporated: self-monitoring (increasing children's awareness of time spent in physical activity and screen behaviours); the health benefits of physical activity; awareness of the home and community physical activity, and sedentary behaviour environments; decision-making and identifying alternatives to screen behaviours that included designing their own physical activity games; intelligent TV viewing and reducing viewing time; advocacy of reduced screen time through poster displays and role plays; use of pedometers; and group games including all children in the BM condition at each of the schools (see Table 1 ). From Lessons 11 to 14, children completed a weekly contract undertaking to switch off one television programme per week over the 4-week period (that is, they switched off one programme for the week of Lesson 11, two programmes for Lesson 12 and so on). A newsletter was sent home to parents of children in the BM or combined BM/FMS condition asking them to sign their child's switch-off contracts each week to confirm that the nominated programme was turned off, and after Lesson 14 parents were encouraged to help their child maintain the switch-off.
Control
The FMS lessons were delivered either in the indoor or outdoor physical activity facilities at each school (dependent on the weather and accessibility). Through games and activities developed for this intervention (based on previously published materials), 29 these lessons focused on mastery of six FMS. The interventionist taught the skills with an emphasis on enjoyment and fun through games and maximum involvement for all the children. Most lessons focused on at least two skills. The six skills were selected on the basis that they are commonly used in children's games, sports and physical activities. More detail on the FMS lesson content is provided in Table 1 .
Outcome measures Body mass index. Children's weight and height without shoes were measured in private. Two trained staff members (not blinded to group assignment) collected children's height and weight at each of the four time points. On each occasion, children's height and weight were measured twice and the average reading was used in data analyses. BMI (kg m
À2
) was calculated and converted as recommended for analysis of longitudinal adiposity data. 30 This involves subtracting the sex-age population median (based on US data) 31 from the child's raw BMI score. For convenience, these BMI units of difference from the sex-age population median will hereafter be referred to simply as BMI. Children were also categorized as healthy or overweight/obese based on International Obesity Task Force definitions.
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Objectively assessed physical activity. Physical activity was assessed using Manufacturing Technology Inc. (MTI), Florida, USA, Actigraph Model, AM7164-2.2C accelerometers. Children wore the MTI on a belt positioned over the right hip during waking hours, except when bathing or swimming, for 8 days at each of the four measurement points. For each child, the first and last days of accelerometer data were discarded due to incomplete data (administering and collecting the monitors) and possible reactivity effects on the first day. Only children with at least 3 complete days of accelerometer data, including 1 weekend day (with at least 10 h of data per day), were included in the analyses. Extreme accelerometer counts (for example, 44 000 000 counts per day) were also excluded from the analyses as this indicated a possible unit malfunction. As well as computing an average daily movement count, movement count thresholds based on an age-specific energy expenditure prediction equation were applied to the data to calculate the average time spent in moderate-(3.0-5.9 metabolic equivalent units of rest (METs)) and vigorous-intensity (46.0 METs) physical activity. 33 The time spent in each intensity of activity on each day was summed and divided by the total number of days on which the accelerometer was worn.
Self-reported screen behaviours. Children completed a questionnaire at baseline and post intervention, and at 6-and 12-month follow-up periods during classroom time under the supervision of the investigators (not blinded to group assignment), who were available to assist students with any questions or problems. Children reported the usual time (hours/minutes) Monday-Friday and Saturday-Sunday in TV viewing, computer use and playing electronic games. Each of these variables was summed and divided by seven to calculate average minutes per day spent watching TV, using Switch-Play intervention J Salmon et al the computer and playing electronic games. All of these items showed test-retest ICC equal to or greater than 0.6. The convergent validity of these items has been shown to be acceptable in previous research. 34 Self-reported enjoyment of physical activity. At baseline and post intervention, and at 6-and 12-month follow-up periods, enjoyment of physical activity was assessed with a modified version of an existing instrument. Using a five-point Likert scale, children rated how much they enjoy, or think they might enjoy each of the 36 physical activities (for example, basketball, skipping rope, riding a bicycle, walking to and from school and swimming) by circling a 'smiley' face that ranged from an unhappy face with downturned mouth (À2) to a happy face with an upturned mouth ( þ 2). The enjoyment scores of all 36 physical activities were summed to create a physical activity enjoyment score (À72 to þ 72). The reliability of the combined physical activity enjoyment score was ICC ¼ 0.7.
Fundamental movement skills. Six FMS, including three object control skills (overhand throw, two-handed strike and kick) and three locomotor skills (dodge, sprint run and vertical jump) were assessed at baseline, post intervention and at 12-month follow-up periods by four trained members of staff (not blinded to group assignment). An established protocol was used to assess children's FMS. Test conditions where possible, were identical between schools. Each of the skills that were assessed comprised between five and eight components and the methods for assessing proficiency in each of these skills have been described in detail previously. 29 To assess mastery at these skills, children were placed into groups of up to six students and their performance video tape recorded. In each of the skills, the child was given up to four attempts. Five specialist evaluators, trained to assess children's mastery of FMS and blind to group assignment, examined the video tapes of each of the six skills. Agreement between evaluators was high (485%). Each fundamental movement skill examined was composed of between five and seven components. 29 If children displayed correct performance on all, or all but one component of a skill, they were classified as having achieved mastery or near mastery, respectively, for that skill. 35 For example, the kick had seven skill components; therefore a child displaying mastery of all components of the kick would receive a score of seven. For the dodge skill, inconsistent testing conditions at one of the schools (for example, indoor and outdoor) meant children at that school were unable to demonstrate their level of mastery of that skill. Therefore, the dodge was excluded from all analyses. Data from the remaining five skills were summed (score range: 0-34) and z-scores were created to account for the fact that the number of components varied among the skills.
Demographics. Children reported their gender and date of birth at baseline.
Unintended consequences. To assess unintended adverse body image-related consequences from the intervention, children were asked 'How happy are you with your body weight?' and 'How happy are you with the shape of your body?' at each of the four assessment points using a five-point Likert scale depicting a 'smiley' face that ranged from an unhappy face with downturned mouth (À2) to a happy face with an upturned mouth ( þ 2). Test-retest of these items found acceptable reliability (ICC40.8). In addition, children were asked to report (yes/no) whether they had changed their eating in the last month to try to lose weight or to gain weight (percent agreement ¼ 92%).
Food intake. In determining intervention effects on preventing excess weight gain among children, it is important to adjust for the impact of any changes in food intake. A food-frequency questionnaire consisting of 22 common food/drink items that were identified from National Nutrition Survey (NNS) data 36 for the target age groups as important contributors to energy and fat intakes (for example, high-energy drinks, savoury snack foods, sweet snack foods and takeaway foods), and thus the energy density of the diet. This questionnaire was administered at each of the four assessment points. Children were asked how many times they ate a certain food in the past week, and had a range of eight response options from 'four or more times per day' to 'once a week' and 'not eaten'. Weekly consumption scores for individual food/drink items were summed to give a total consumption score. Previous research has reported acceptable reliability of this measure. 37 
Statistical analyses
All analyses were performed using Stata Version 8. Gender and intervention group differences at baseline were determined using linear regression and adjusted for clustering by school class. Generalized estimating equations (GEEs), 38 also known as population-averaged panel-data models, were used to analyse the initial effects of the intervention between baseline and post intervention. GEE provides a method of analysing correlated data, where participants are measured at several different points over time; and clustered data, where participants share a common characteristic, such as belonging to the same school class (as is the case in this study). In addition, GEE can accommodate missing data, assuming that they are randomly missing. For the continuous outcome data (age-and sex-adjusted BMI; time (min week À1 ) spent in TV viewing, computer use, electronic games; physical activity counts per day; moderateand vigorous-intensity physical activities min day À1 ; enjoyment of physical activity; and FMS z-scores), the xtgee function in Stata was employed, adjusting for group * time interactions and clustering by school class. For the Switch-Play intervention J Salmon et al categorical data (weight status, eating to lose weight and eating to gain weight) the xtlogit function adjusting for group * time interactions and clustering by school class was used. In all analyses of intervention effects on BMI and risk of overweight and obesity, statistical tests were initially unadjusted but then to account for potential variations in eating and physical activity among children (that is, confounding), subsequent analyses adjusted for food frequency and moderate-to-vigorous intensity physical activity (MVPA). Unintended intervention outcomes were determined by examining intervention effects on children's selfreported happiness with their body shape and body weight (using xtgee), and whether in the last month they had changed their eating to try to lose weight or to try to gain weight (using xtlogit).
To determine longer term effects of the intervention, all analyses were repeated incorporating baseline and post intervention and 6-and 12-month follow-up data (apart from FMS data, which was only collected at three time points). To test if gender was a moderator of the intervention, gender * group interactions were analysed for each of the outcome variables. Where gender was found to moderate the effects of the intervention, outcomes were analysed separately for boys and girls.
Results
Profile of participants
Informed consent was received from 311 children (78% response rate). Data were unavailable for one child (left the school) and incomplete for five children, resulting in a final baseline sample size of N ¼ 306. Flow of participants through all stages of the study is presented in Figure 1 . The sample included 150 boys (mean age 10 years 8 ± 5 months) and 156 girls (mean age 10 years 8 ± 4 months). Complete BMI data were available for 295 children at baseline, 278 children at post intervention, 246 children at 6-month follow-up and 268 children at 12-month follow-up (12% attrition from baseline). Reasons for missing data included active or passive non-consent, student absence from school or student departed school (27 children left their school over the 2 years of the study). Table 2 shows descriptive baseline data (raw means) by child's gender and by intervention group within gender. Linear regression analyses, adjusted for clustering, found that compared with girls, boys spent significantly more time engaged in moderate-and vigorous-intensity physical activities and playing electronic games, had significantly higher accelerometer movement counts and FMS z-scores. Girls reported significantly higher enjoyment of physical activity than boys. There were significant differences between intervention groups at baseline in age-and sex-adjusted BMI among girls; however, these differences were taken into account with the inclusion of baseline data in all GEE analyses.
BMI and weight status
There was a significant intervention effect between baseline and post intervention on children's BMI (unadjusted and adjusted for food frequency and MVPA) among those in the combined BM/FMS group compared with the control group (Table 3) . That is, after adjusting for food frequency and MVPA, the BM/FMS group recorded on average À1.88 BMI units less than the control group. These effects were maintained with the inclusion of 6-and 12-month followup data. In addition, after adjusting for food frequency and MVPA, compared with children in the control group, those in the combined BM/FMS group were over 60% less likely to be overweight or obese on average between baseline and post intervention and over the four time points of the study.
There were no significant group * gender interactions for BMI or for weight status; however, as there were significant differences in BMI by intervention group among girls at baseline, separate analyses were performed by gender adjusting for baseline BMI. There were no significant intervention effects on boys' or girls' unadjusted or adjusted BMI from baseline to post intervention. However, with the inclusion of 6-and 12-month follow-up data, there were significant intervention effects on unadjusted BMI among girls in the FMS and BM/FMS groups compared with the control group. After adjusting for food frequency and MVPA, girls in the BM/FMS group recorded on average À0.15 BMI units less than the control group.
Physical activity
Between baseline and post intervention, there were significant average effects over time between the control and BM groups and between the control and FMS groups in movement counts per day and in vigorous-intensity physical activity min day À1 (Table 3) . For example, the BM group spent almost 3 min day À1 more in vigorous-intensity physical activity compared with the control group; and children in the FMS group spent 7.8 min day À1 more in vigorous-intensity physical activity compared with children in the control group. These effects were maintained with the inclusion of data from all four time points. From baseline to post intervention, there was also a significant average difference over time with the FMS group recording 10.4 min day À1 more in moderate-intensity physical activity than the control group, which was maintained with the inclusion of the 6-and 12-month follow-up data. Gender was a significant moderator of the intervention for movement counts per day, moderate-intensity physical activity and vigorous-intensity physical activity min day À1 (Po0.001). Table 4 shows that between baseline and post intervention, there were significant positive average differences over time between the BM and control groups and between the FMS and control groups in movement counts per day and in vigorous-intensity physical activity min day À1 among boys. These differences were maintained with the inclusion of 6-and 12-month follow-up data. There was also Switch-Play intervention J Salmon et al a significant positive average difference over time between boys in the BM/FMS and control groups in vigorous-intensity physical activity from baseline to post intervention. These differences were not maintained with the inclusion of the 6-and 12-month follow-up data. Among girls, there were significant positive average differences in movement counts and in moderate-intensity physical activity between the BM and control groups from baseline to post intervention and over the four time points (Table 5) .
Screen behaviours
There were significant intervention effects between baseline and post intervention for children's TV viewing min week À1 among children in the BM group compared with those in the control group (Table 3) . However, this was in the undesired direction, with BM children reporting 229 min week À1 more in TV viewing on average over time compared with the control group. These effects were maintained with the inclusion of 6-and 12-month follow-up data. There were no significant intervention effects on other screen behaviours.
There was a significant group * gender interaction for time spent playing electronic games (Po0.001). However, when the data were reanalysed separately by gender, there were no significant effects from baseline to post intervention or over the four time points of the study on electronic games use among boys or girls (data not shown).
Enjoyment of physical activity
There were significant average differences in physical activity enjoyment between baseline and post intervention, with children in the FMS group reporting higher average Age-and sex-specific internationally accepted cut points. 32 *Po0.05, **Po0.01, # Po0.001 significant differences by gender across intervention groups (adjusting for clustering). Switch-Play intervention J Salmon et al enjoyment scores over time compared with those in the control group (Table 3) . These effects were maintained with the inclusion of physical activity enjoyment data across all four time points. There was a significant group * gender interaction for enjoyment of physical activity (P ¼ 0.001). Table 4 shows that there were significant positive differences in physical activity enjoyment between baseline and post intervention among boys in the FMS group compared with those in the control group. These effects remained after the inclusion of the 6-and 12-month follow-up data.
Fundamental movement skills
There were no significant intervention effects on FMS z-scores between baseline and post intervention or over the four time points. There was, however, a significant group * gender interaction for FMS (Po0.001). Table 5 shows FMS between baseline and post intervention, where compared with girls in the control group, girls in the BM and the FMS groups recorded significantly higher average FMS z-scores over time. These positive differences remained with the inclusion of data from all four time points.
Unintended outcomes
From baseline to post intervention, there were no effects on unintended outcomes of the intervention such as children's happiness with their body shape and body weight, or eating to gain weight or lose weight in the last month. However, when a group * gender interaction term was included in the model, gender appeared to moderate the intervention effects on satisfaction with body shape and with body weight Abbreviations: BM, behavioural modification; MVPA, moderate-to-vigorous intensity physical activity. 
Discussion
This intervention aimed to prevent excess weight gain among 10-year-old children, to prevent declines in physical activity and to reduce screen behaviours. The intervention also aimed to increase enjoyment of physical activity and to improve FMS. Consistent with previous screen behaviour intervention studies, 16, 17 this study found favourable outcomes for children's BMI and weight status. On average, between baseline and post intervention, and including 6-and 12-month follow-up data, children in the combined BM/FMS group recorded significantly lower BMI compared with children in the control group. These differences were strengthened with the inclusion of food-frequency and physical activity data across all the time points. Adjusted analyses also found that children in the BM/FMS group were more than 60% less likely to be overweight or obese on average over time (baseline and post intervention, and over the four time points) compared with those in the control group. Unlike previous screen behaviour interventions, 16, 17, 39 this intervention was not effective in reducing screen behaviours, with children in the BM group reporting higher mean time per week watching TV between baseline and post intervention compared with children in the control group. This difference may be due to a failure of the intervention to reduce children's TV viewing, instead increasing children's awareness and engagement with that behaviour (an undesired outcome). However, it may also be because a self-reported measure of children's TV viewing was used. As children learnt about the pros and cons of TV viewing and how to monitor their viewing and turn off the TV, their accuracy in reporting this behaviour may have improved over time. Baranowski et al. 40 call this phenomenon a 'response shift bias', suggesting that based on learning effects, there is a differential favourable shift in the accuracy of reporting among children in the intervention group compared with those in the control group. Although the screen behaviour self-reported measure used in this study has shown acceptable reliability and concurrent validity (compared with parental proxy reporting), an objective or log or diary measure of these behaviours may have yielded different results. There were no intervention effects on electronic games or computer use. This may be because the intervention focused more strongly on TV viewing. The intervention programme included self-monitoring of the screen behaviours and lessons focused on reducing time spent in these behaviours; however, the behavioural contracts focused only on switching off the TV. Although children were encouraged not to exchange TV viewing for computer use (apart from educational instruction) or playing electronic games, the intervention programme did not employ a specific BM technique for reducing electronic games or computer use. Robinson 17 reported separately the intervention effects on time children spent watching videotapes and playing video games and found significant reductions in self-reported video game playing among children in the intervention group compared with the control group. He did not, however, assess their computer use. These behaviours have different correlates 34 and therefore future interventions need to tailor programmes to target reductions in specific sedentary behaviours. The significant effects on physical activity were a unique aspect of this intervention, with previous screen behaviour interventions not reporting a significant impact on children's physical activity. 16, 17, 39 The average effect across time between the control and the FMS groups in the current study was approximately 10 min day À1 in moderate-intensity Switch-Play intervention J Salmon et al and 8 min day À1 in vigorous-intensity physical activity, which equates to 13% of the daily average time spent in MVPA at baseline. There were more modest intervention effects on physical activity among children in the BM group. A previous review of children's physical activity interventions concluded that curriculum-based interventions are not as effective in promoting children's physical activity as those that include some focus on physical education and that also focus on family. 41 The FMS intervention focused on movement skills using a programme that emphasized games and fun. Although the BM intervention was primarily classroom-based, it did also incorporate physical activity elements (children designed their own physical activity games, which were played at the end of each BM lesson) and a strong family focus. Although intervention effects on BMI and weight status for the whole sample were found only among children in the combined BM/FMS group, girls in the FMS and BM/FMS groups also had more favourable BMI outcomes compared with the control group. It is logical that the combined intervention had the most favourable outcomes on BMI and weight status given that these children received double the intervention dose compared with the others. Nevertheless, the strongest effects on physical activity participation and enjoyment and FMS were among children in the BM and FMS groups. It may be that some of the messages on behaviour change may have been 'lost' in the 38 lessons delivered over 10 months to children in the BM/FMS group. Further, although BMI and weight status analyses adjusted for food intake for all of the groups over time, that measure may not have had the required accuracy or responsiveness to changes in diet to explain potential differences in food intake between groups over time. In addition, there may have been behavioural changes that occurred during non-assessment periods of the intervention that could have affected the children's weight but that were not captured at the time of the assessment.
Gender was a significant moderator of the effects of the intervention for physical activity, enjoyment of physical activity and FMS. There were significant intervention effects on physical activity for boys and girls in the BM group and for boys in the FMS and BM/FMS groups. In addition, boys in the FMS group reported higher average levels of physical activity enjoyment over time compared with boys in the control group. The FMS intervention focused on skills that may have been more appealing to boys than girls, which may be why boys in the FMS and BM/FMS groups showed favourable physical activity outcomes. In contrast, the BM intervention focused on play activities, which may have been more appealing to girls. A recent review identified eight school-based interventions that were developed to promote physical activity among girls. 42 Five of these studies reported significant effects on girls' moderate-or vigorous-intensity physical activity, or physical activity during physical education classes or on the number of pedometer steps per day. A consistent feature of these effective interventions was the promotion of noncompetitive activities, a focus on enjoyment and fun, goal setting and self-monitoring, and the social aspects of the activities. It may be important to incorporate these strategies in future physical activity interventions that include girls. Enjoyment has been found to mediate the effects of a school-based physical activity intervention among adolescent girls. 43 Further analyses are required to test whether enjoyment mediated the positive effects on physical activity among boys. Among girls in the BM and FMS groups, there were significant positive effects on FMS over time compared with the control group. Baseline data in this study and population data 35 suggest that girls have poorer FMS than boys; therefore, girls in the FMS group may have been more receptive to the intervention. Although girls in the BM group did not receive the FMS intervention, higher FMS z-scores in that group compared with the girls in the control group may be explained by their higher overall movement counts and moderate-intensity physical activity. There were a number of limitations of this study. With the intervention groups being randomized by class, there was potential for contamination between intervention and control groups. However, this was assessed in process evaluation, and there was a much lower level of awareness of the 'Switch-Play' intervention among parents with children in the control group (44%) compared with parents whose children participated in the intervention (80%). The use of self-reported measures to assess screen behaviours was a limitation. Children's pubertal staging was not assessed; therefore, children may have been at different stages of maturation between groups, which may have affected weight outcomes. A limitation of the BM intervention was that much of the targeted behaviour change in screen behaviours was to occur in the home. Previously published process evaluation results suggests that many parents were not aware of all of the intervention requirements (that is, to reduce children's TV viewing time and to increase their physical activity), with most reporting the intervention was about promoting children's physical activity. 22 This may be why we had no effect on screen behaviours in this study. An intervention with a stronger focus on supporting children and their families to reduce screen time may have resulted in more favourable outcomes in those behaviours. The study was underpowered according to the original sample size estimates. Although several intervention effects were identified, these effects may have been stronger, or additional intervention effects may have been significant, had we been successful in recruiting more children. Our initial sample size calculations were based on previously published observed change scores in BMI between groups, and inflated by 10% to accommodate the within-class correlations of BMI. A more appropriate method of sample size calculation for a group-randomized trial would assume that the number of clusters is known but that the number of participants in each cluster is not: N ¼ K * m * (1ÀICC)/ (1À(m * ICC)), where K is the number of clusters, m is the Switch-Play intervention J Salmon et al number per cluster required if no clustering effect and ICC is the intracluster correlation coefficient. 44 Use of this formula is likely to result in a larger sample size estimate. However, it is also important to note that although this study was not designed to support analyses at the level of the unit of assignment, in using GEE to analyse the data, we are able to model the effects of the intervention on subgroups (population-averaged approach). 45 The strengths of this study are that it used objectively measured height, weight and physical activity, and children's FMS were evaluated by specialist staff blinded to intervention group. The intervention was delivered to children living in low SES areas. This is an important subgroup in the population in which to intervene, particularly given that the current sample had a substantially higher proportion of children in the unhealthy weight range at baseline (47% boys and 38% girls) compared with the recent population estimates in New South Wales, Australia, which found 32% of boys and 25% of girls in Year 6 were overweight or obese. 46 A further strength is the 6-and 12-month follow-up periods to determine maintenance of intervention effects. The intervention was theoretically based targeting potential mediators, and gender as a moderator of the intervention was also examined. The intervention approach used here holds promise as a strategy to prevent obesity in children. The combined BM/FMS intervention had the greatest effect on children's weight status and the FMS intervention had the greatest effect on children's physical activity. However, further work is required to determine the feasibility of delivering a programme such as this in a 'real world' setting, and its applicability in other countries. It may be necessary to scale down this programme in order for its adoption into the already crowded school curricula.
